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Heterogeneous Computing



Is Free Lunch Finally Over?

Figure 1: Growth of computer performance using integer
programs (SPECintCPU), cited from J. L. Hennessy and
D. A. Patterson, “A New Golden Age for Computer Architecture”,
CACM Feb. 2019. 2



The Age of Heterogeneous Computing

Figure 2: Major players on heterogeneous computing market,
cited from C. Lattner, “The Golden Age of Compilers in an era of
Hardware/Software co-design”, ASPLOS 2021.
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A Big Problem: Fragmentation of Tools, Languages, ...

Figure 3: Tools around heterogeneous computing, cited from
C. Lattner, “The Golden Age of Compilers in an era of
Hardware/Software co-design”, ASPLOS 2021.
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LLVM



What Is LLVM?
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What Is LLVM?

• A modular compiler toolkit
• Intermediate representation (IR) for
abstract CPU
• Can use for SIMT GPGPU
• Not good for massively parallel
accelerators (TPU, NPU, ...)
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MLIR



What is MLIR?
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What Is MLIR?

• A toolkit for designing IRs
• Conversion between different
abstraction levels
• Define IRs for GPU, TPU, NPU, ... by
ourselves
• Even LLVM IR could be defined on
top of MLIR
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CIRCT



What Is CIRCT?
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What Is MLIR?

• IRs for describing digital circuits on
top of MLIR
• Affine, sequential, combinational, ...
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A Foundation of Heterogeneous Computing

LLVM + MLIR + CIRCT

A foundation of next-generation
programming environment?
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HLS



HLS: A Territory of C

Table 1: Overview of high-level synthesis tools, cited from
R. Nane et al., “A Survey and Evaluation of FPGA High-Level
Synthesis Tools”, TCAD 2015.
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Idea: Turning LLVM-based programming language(s)
into HLS language(s)?

• LLVM-based compiler is everywhere
• C, C++, Fortran, Rust, Swift, Julia,
Common Lisp, Haskell, TensorFlow,
...
• Use those powerful languages into
HLS with MLIR and CIRCT?
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Conclusion



Conclusion

• Fragmentation of tools and languages
• Re-implementation and reinvent again and again
• LLVM + MLIR + CIRCT: a breakthrough?
• HLS with something better than C?

Questions, suggestions, corrections, whatever?

Thank you for attending!
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